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linear relation between the fhctional shortening-velocity 
ratio ( and the aortic valve area (AVA) determined 
by the formula catheterization: FSVR = 
I.I(AVA) - 0.1 (c = 0 came of slope p < 0.001). 
Furthermore, a fkactioua! shortenin~velocity ratio 4.1 
predictive accuracy of 
with signiticant :rortic 
ening-velocity ratio < 
predictive accuracy of 74% to 
with critical mrtic stenosis. 
tifies patients with clinically significant sortie stenosis. The 
simplicity of thii new aoninvasive method readily lends 
itself to routine clinical use. 
(J Am Cdl 1 Z ~9o;I5:Z578-84) 
Recent advances in two-dimensional and Doppler echccar- 
diography have dramatically increased the accuracy of the 
noninvasive assessment of aortic stenosis. Previous studies 
(LEO) have shown that methods based on the continuity 
equation provide an extremely accurate means for noninva- 
sively determining valve area in patients with aortic stenosis. 
These methods, which are based on the assumption ef 
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constant volumetric blood flow at different locations in the 
heart, permit the calculation of aortic valve area when the 
aortic velocity profile and cross-sectional area and velocity 
profile of blood flow at another site of the heart can be 
obtained. Despite the current widespread acceptance of the 
continuity equation for determining aortic valve area, this 
method is not without limitations. For example, the requisite 
measurements are time-consuming and can be technicdly 
difficult in certain subsets of patients (4). Thus, methods 
based on the continuity equation may not be accurate or 
applicable in all clinical settings. 
Accordingly, the purpose of the present study was to 
develop a simpler method for evaluating aortic stenosis that 
would 1) avoid the difficulties and errors inherent in Imeasur- 
ing blood flow across a valve, 2) remain sensitive and 
073%1097/90/$3.50 
easily 
y. The systolic velocity 
across the aortic valve was recorded fro 
across the aortic valve (V,) w 
elocity under the aortic 
ing was measured at t 
Percent fraction 
regional left ventricular dysfunction in the prospective se- 
-mode tracings were ana- 
epende~t~y by two o rvers who were unaware of 
terization results. In and intraobserver variabil- 
ity for these measurements was 4%. For patients in sinus 
rhythm, 3 consecutive beats were analyzed; for patients in 
atrial fibrillation, 7 to 10 consecutive beats were analyzed. 
Statistic slysis. Data are expressed as mean values * 
SEM. Specific comparisons between groups were tested 
d at cardiac catheterization 
Sensitivity, specificity and 
using standard formulas 
between different groups were assessed using chi-square 
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Table 1. Patient Characteristics 
Retrospective Prospective 
MIJSC MUSC UCONN 
(n = 25) (n = 27) (n = 17) 
Age (yr) 63.5 f 3.3 68.3 + 2.4 73.1 + 2.5 
(40-W (37-83) (57-W 
MIF fllo.1 IS/l0 13114 12/5 
Dataare expressed as mean values -C SEM; data in parentheses show the 
range of values in each individual group. F = female; M = male; MUSC = 
Medical University of South Carolina; UCONN = University of Connecticut. 
analysis. A significant difference was said to exist at the p C 
0.05 level. 
There was no significant dif- 
ference in the age a he patients in the retro- 
spective or prospective series. The etiology of aortic steno- 
sis was degenerative in 49 patients, congenital in 12 patients 
and rheumatic in 8 patients. Qf the 59 patients in this study, 
grouped and compared with those in the retrospective series, 
there was no significant difference in the peak aortic valve 
pressure gradient (p > 0.6), fractional shortening-velocity 
ratio (p > 0.46) or aortic valve area (p > 0. 
extent of fractional shortening was sign~fi~a~t~y g 
0.02) for the patients in the retrospective series. 
when heart rate data from the noninva 
studies were analyzed using a two-way analysis 
there was no significant difference in heart rate 
different studies, suggesting that the hemodynamic status of 
the patients was similar during the invasive an 
studies. There was 
the echoc~d~og~~ 
retrospective series a 
the prospective series. 
gradient across the aortic valve. 
The dotted line in Figure 1 represents all patients in this 
study with s~g~i~~a~t aortic stenosis ( 
Table 2. Doppler Echocardiographic and Cardiac Catheterization Data From 69 Patients 
Retrospective Prospective 
(n = 25) (n = 44) 
MUSC MUSC UCONN 
Fractional shortening 38.4% + 2.1% 33.3% + 1.8% 30.8% 2.6% 
(16%-60%) ( 16%-52%) (12%47%) 
Peak AV Doppler pressure 60.0 + 5.3 65.6 f 5.0 40.8 + 6.3 
gradient (mm Hgl (25-125) (22-l IS) (13-100) 
Fractional shortcnine 0.76 + 0.1 0.60 + 0.1 I.1 2 0.2 
velocity ratio (0.19-1.7) (0.22-1.3) (0.31-2.8) 
Noninvasive HR 68.2 i 2.7 61.6 -f 2.3 69.5 + 2.9 
(beals/min) (48-91) (48-93) (54-78) 
Aortic valve area (cm?) 0.77 f 0.06 0.74 f 0.05 0.92 c 0.12 
(0.38-1.43) (0.35-1.50) (0.25-l .76) 
Invasive HR 66.2 + 2.4 68.3 5 3.1 70.4 f 4.2 
(beats/min) W-91) (48-89) (39-125) 
Data are expressed as mean values + SEM; data in parentheses show the range of values in each individual 
group. Data for the prospective series were grouped and compared with the retrospective series: this analysis showed 
that there was no significant difference in the extent of fractional shortening, Doppler-derived peak systolic pressure 
gradient across the aofiic valve. fractional shortening-velocity ratio or aortic valve area. Differences in mean heart 
rate (HR) in the noninvasive and invasive studies were determined using two-way analysis of variance, testing for 
differences within and between groups. This analysis showed no difference in the mean heart data among groups 
(p > 0.4). AV = aortic valve. 
+ Test 
velocity ratios (FSVR) from 0.4 to 1.2 were determined For patients witl. w 
. valve are3 cl cm2 (shown above) and 4.3 cm 
theses). A fracti~aa~ s~orle~jn~-ve~~c~ty ratio < 1.1 
sensitivity, specificity and predictive value for ident 
an aortic valve area :I cm;, whereas a f~ct~Q~~a~ shotteni 
ined sensitivity, specificity and 
an aortic valve area CO.7 cd. + = 
negative. 
velocity ratio C9.9 was 
am-tic valve area < 9 
ctive accuracy of positive an 
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Pigure 2. Relation between the fractional shortening-velocity ratio 
&NR) and aortic valve area (AVA) in the prospective series of 44 
patients studied. The dotted line represents all patients with an aortic 
valve area cl cm* who were correctly identified by a fractional 
shortening-velocity ratio 4.1 (that is, true positive results). Pa- 
tients with aortic stenosis (AS) are shown by the dosed circles, 
patients with aortic stenosis and coronary heart disease (CHD) with 
regional left ventricular dysfunction are shown by the open circles 
and patients with aortic stenosis and moderate aortic insufficiency 
(AI) are shown by the open triangles. There was a highly significant 
linear relation between fractional shortening-velocity ratio and 
aortic valve area (range 0.25 to 1.76 cm*) determined by the Gorlin 
formula at cardiac catheterization; where FSVR = 1. I(AVA) - 0.1 
(significance of slope p < 0.0001; r = 0.79; SD 0.13). The linear 
regression variable for this equation met the criteria for a line of 
identity (significance of y intercept p > 0.37). 
University of Connecticut. In this analysis, a fractional 
shorteuing-velocity ratio Cl. 1 had a sensitivity of 90%, 
specificity of 86% and positive and negative predictive 
accuracy of 90% and 86%, respectively, in identifying pa- 
tients with an aortic valve area cl cm*. When a fractional 
shortening-velocity ratio ~0.8 was used to identify patients 
with an aortic valve area co.7 cm*, the sensitivity was lOO%, 
specificity 90% and predictive accuracy of positive and 
negative tests 88% and MO%, respectively. 
Figure 2 depicts the relation between the fractional 
shorteninevelocity ratio and the aortic valve area for all 
patients in the prospective series, including eight patients 
with coronary heart disease and regional left ventricular 
dysfunction and three patients with moderate aortic insuffi- 
ciency. The dotted line represents all patients with an aortic 
valve area <l cm* who were correctly identified by a 
fractional shortening-velocity ratio cl.1 (that is, true posi- 
tive results). The major finding shown in Figure 2 is that a 
fractional shortening-velocity ratio cl.1 reliably identified 
patients with clinically significant aortic stenosis and coex- 
isting aortic insufficiency or regional left vent 
own that patients with c 
tivity of the fractiona 
that of the two other srm 
analysis showed that a 
45%) in identifying patients with cri 
Thus, t&z fractional shortening-velocity ratio, a combined 
echocarJiographic-Doppler method, was more 
than other Doppler methods that measure pressure 
alone. 
severity. In this study, we developed and validated a new 
simplified echocardiographic-Doppler method to identify pa- 
tients with significant aortic stenosis, namely, the fractional 
shortening-velocity ratio. The sensitivity and accuracy of 
this method are demonstrated by three separate lines of 
evidence. First, there was a highly significant hnear relation 
(p < 0.001, r = 0.88) between the fractional shortening- 
velocity ratio and aortic valve area determined by the Goriin 
formula at cardiac catheterization (Fig. 1). Indeed, the Linear 
regression variables for this equation met the criteria for a 
line of identity. Second, when a fractional shortening- 
velocity ratio < 1. I was used to identify patients with signif- 
icant aortic stenosis, defined in this study as an aortic valve 
area <l cm* (16), the sensitivity, specificity and positive 
predictive accuracy of this new method was lOtI%, 75% and 
88%, respectively. Similarly, when a fractional shortening- 
velocity ratio <0.8 was used to identify patients with critical 
aortic stenosis, defined as an aortic valve area ~0.7 cm* (16), 
the sensitivity, specificity and positive predictive accuracy 
of this method was MO%, 73% and 71%, respectively. The 
applicability of the fractional shortening-velocity ratio was 
then tested prospectively in a study conducted at two 
separate institutions. This prospective study showed that a 
fractional shortening-velocity ratio < 1. I had a sensitivity of 
90% to 96% and a positive predictive accuracy of 90% to 
92% in identifying patients with significant aortic stenosis, 
whereas a fractional shorteninevelocity ratio ~0.8 had a 
sensitivity of 100% and a predictive accuracy of 74% to 88% 
in identifying patients with critical aortic stenosis. 
Third, to detsrmine whether this combined Doppler echo- 
cardiographic method was as sensitive as other “simplified” 
It shodd be noted, however, that the continuity equation 
is not without certain limitations. irst, there are ~~~e~e~t 
of the aortic 
(4), recording optimal peak subvalvular aortic flow velocity 
can be time-consuming and lead to s 14% error in calculating 
valve area. Thus, given these limitations, it is not su 
e f~act~o~a~ short- 
using the co~ti~~~t~ equation. 
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